BACKGROUND: The neutrophil lymphocyte ratio (NLR) has prognostic value in patients with a variety of cancers. Many chemotherapeutic trial databases hold information on white cell and neutrophil counts only. The aim of the present study was to compare the prognostic value of the NLR with a derived score (dNLR), composed of white cell and neutrophil counts. METHODS: Patients (n ¼ 27 031) who were sampled incidentally between 2000 and 2007 for neutrophil, lymphocyte and white cell counts, and also had a diagnosis of cancer (Scottish Cancer Registry), were identified. Of this group, 12 118 patients who had been sampled within 2 years of their cancer diagnosis were studied. RESULTS: On follow-up, there were 7366 deaths, of which 6198 (84%) were cancer deaths. The median time from blood sampling to diagnosis was 2.1 months. The area under the receiver-operating characteristic (ROC) curve for cancer-specific survival was 0.650 for the NLR and 0.640 for the dNLR. The NLR and dNLR were independently associated with survival in all cancers studied (all Po0.001). The optimal thresholds, on the basis of hazard ratios and area under the curve, were 4 : 1 for the NLR and 2 : 1 for the dNLR. CONCLUSION: The results of the present study show that the dNLR has similar prognostic value to the NLR. Therefore, the universally available dNLR is to be commended for use in the risk stratification of patients undergoing chemotherapy.
Cancer incidence is increasing in the United Kingdom, the United States and worldwide (Ferlay, 2010) . Although it is clear that the development of cancer has a genetic basis, recent work has demonstrated that the host inflammatory response plays an important role in carcinogenesis and disease progression (Colotta et al, 2009; Hanahan and Weinberg, 2011) .
It is therefore of interest that the combination of haematological components of the systemic inflammatory response, specifically neutrophils and lymphocytes, termed the neutrophil lymphocyte ratio (NLR) have been shown to have prognostic value in patients with a variety of cancers (Walsh et al, 2005; Cho et al, 2009; Sarraf et al, 2009; Shimada et al, 2010; Azab et al, 2011; Sharaiha et al, 2011) , as well as patients undergoing chemotherapy for cancer (Kao et al, 2010; Chua et al, 2011) . Although, apparently inferior to other measures of the systemic inflammatory response, such as the mGPS (Proctor et al, 2011a) , the NLR does have the advantage of its components being inexpensive and routinely measured in dayto-day oncological practice, and in current chemotheraputic cancer trials. Clearly, if such extensive data were to confirm the prognostic value and clinical utility of the NLR, this would be an important, relevant, clinical translational advance in the identification of cancer patients at high risk .
However, on patient entry to chemotherapeutic trials, despite having a differential white cell count carried out, only white cell and neutrophil counts are routinely entered into clinical trial databases. In an attempt to obviate this problem and allow the widespread utilisation of a similar inflammation-based score in such settings, we aimed to investigate the prognostic value of a derived NLR (dNLR), from a white cell and neutrophil count. Therefore, the aim of the present study was to compare the prognostic value of the NLR and dNLR adjusted for age, sex, deprivation and tumour site in the Glasgow Inflammation Outcome Study (GIOS).
PATIENTS AND METHODS

Study design
From the GIOS cohort previously described (Proctor et al, 2010) , patients who had samples including a differential white cell count (white cell count, neutrophil count and lymphocyte count) were included. At the time of data collection, the Scottish Cancer Registry (SCR) held complete pathological and clinical cancer diagnosis records from 1 January 1980 until 31 December 2007, and mortality follow-up until 30 June 2009. Deaths were classed as cancer-specific if the primary cause of death matched the primary cancer diagnosis. Otherwise, deaths were classed as non-cancerspecific. Cancer stage data was obtained from the SCR where available.
Patients with blood samples taken within 2 years of their cancer diagnosis were included in the analysis, and split into those sampled before and following cancer diagnosis. The dNLR was derived from the assumption that the white cell count is made up primarily of lymphocytes and neutrophils, and therefore, the white cell count minus the neutrophil count would be broadly similar to the lymphocyte count. As different thresholds have been suggested in the past (Ding et al, 2010; Kim et al, 2010; Ohno et al, 2010; Sharaiha et al, 2011) , several were examined to ascertain the optimal NLR and dNLR.
Patient inclusion criteria has been previously detailed and only cancer groups previously studied were included (Proctor et al, 2010) . Ethical approval was granted for the present study by the Research Ethics Committee, North Glasgow NHS Trust.
Methods
The North Glasgow haematological database was searched to obtain patients with white cell, neutrophil and lymphocyte counts. The NLR was constructed as follows: NLR ¼ neutrophil count to lymphocyte count. The dNLR was constructed as follows: dNLR ¼ neutrophil count to (white cell count À neutrophil count).
International Classification of Disease 10 codes were used to identify the site of cancer diagnosis as previously described (Proctor et al, 2010) . The Scottish Index of Multiple Deprivation (SIMD) 2006, as recommended by the Information Services Division on behalf of NHS Scotland and the Scottish Government Department of Health, was used to measure deprivation with the least deprived being scored as 1 to the most deprived scoring 5 (Bishop et al, 2004) .
Statistics
Survival, overall and cancer-specific, was calculated from the time of cancer diagnosis to death. Kaplan-Meier estimator was used to analyse the relationship between patient characteristics, tumour site, and overall and cancer-specific survival (Table 1) .
Receiver-operating characteristic (ROC) curve was used to determine the sensitivity and specificity similarities between the NLR and dNLR (Figure 1 ). Cox proportional multivariate regression analysis, corrected for age, sex, deprivation and tumour site, as well as area under the ROC curve, were used to determine the relationship between different NLR and dNLR thresholds (in whole numbers) and survival in patients sampled before and after diagnosis (Table 2) . Box plot was used to demonstrate the relationship between the NLR, dNLR and Dukes stage in patients with colorectal cancer (Figure 2 ). Cox proportional multivariate regression analysis, corrected for age, sex, deprivation and tumour site, as well as area under ROC curve, were used to determine the relationship between optimal NLR and dNLR thresholds, Table 1 The relationship between patient characteristics, tumour site, and overall and cancer-specific survival in all patients n ¼ 12 118 (%) 5-year overall survival % (n of deaths) n ¼ 7366 P-value 5-year cancer specific survival % (n of deaths) n ¼ 6198 P-value (14) 48 (859) 54 (731) 2 1485 (12) 45 (780) 51 (654) 3 1804 (15) 42 (1011) 48 (866) 4 2439 (20) 34 (1541) 42 (1284) and survival in patients with advanced (Dukes C and D) colorectal cancer (Table 3) . Analysis was performed using SPSS software (SPSS Inc., Chicago, IL, USA).
RESULTS
From the GIOS cohort of 223 303 patients previously described (Proctor et al, 2010) , 27 031 patients were identified as also having a diagnosis of cancer. Within this group, 12 118 patients had been sampled within 2 years of their cancer diagnosis. Of this group, 3859 (32%) were sampled before a diagnosis and 8259 (68%) were sampled following diagnosis, and the possible initiation of surgical or chemotherapeutic interventions. The majority of patients were under the age of 75 years (n ¼ 9096, 75%), were female (n ¼ 6218, 51%) and were from the most deprived SIMD quintile (n ¼ 4693, 39%). The minimum follow-up from cancer diagnosis was 18 months and the maximum 132 months (median 52 months for survivors).
The relationship between patient characteristics, tumour site, and overall and cancer-specific survival in all patients is shown in Table 1 . In total, 12 118 patients were studied. On follow-up, there were 7366 deaths of which 6198 (84%) were cancer-related. The median time from blood sampling to diagnosis was 1.6 months in those sampled before diagnosis and 2.2 months in those sampled following diagnosis, suggesting that most scores reflect status at diagnosis. Increasing age, male gender and increasing deprivation were associated with reduced 5-year overall and cancer-specific survival (all Po0.001).
The ROC curves, using cancer-specific death as an end-point (n ¼ 12 118) for NLR and dNLR is shown in Figure 1 . The ROC curves for NLR and dNLR were 0.650 (Po0.001) and 0.640 (Po0.001), respectively. The Spearman rank correlation between the NLR and dNLR was 0.962 (Po0.001).
The relationship between NLR and dNLR thresholds and survival in patients sampled before and following diagnosis, adjusted for age, sex and deprivation, and stratified by tumour site, is shown in Table 2 . The optimal thresholds for the NLR (X4 : 1) and the dNLR (X2 : 1) in both patients sampled before and following diagnosis, as measured by the hazard ratios and area under the ROC curve, are highlighted.
In the present cohort, a limited number of patients had stagerelated data available in the SCR, with only colorectal cancer having stage data for over 50% of patients. Stage was only available in 29% (n ¼ 621) of patients with breast cancer and 10% (n ¼ 234) of patients with pulmonary cancer. Other cancer groups had no stage available. Of the colorectal cancer patients with stage available, 90 (9%) were Dukes A, 264 (27%) were Dukes B, 327 (33%) were Dukes C and 312 (31%) were Dukes D. The relationship between the NLR, dNLR and Dukes stage in all patients is shown in Figure 2 . The relationship between the NLR, dNLR and survival in patients with advanced colorectal cancer (Dukes C and D) adjusted for age, sex and deprivation is shown in Table 3 . These patients were studied, as they are likely to be similar to those entered into chemotherapeutic trials . On survival analysis (n ¼ 639), both the NLR and dNLR were associated with reduced overall and cancer-specific survival independent of age, sex and deprivation (all Po0.001), with similar hazard ratios and area under the ROC curve (both Po0.001).
DISCUSSION
The results of the present study show clearly that the NLR and dNLR have similar prognostic value, and that they can be used similarly to predict survival in a large cohort of unselected cancer patients. Furthermore, the NLR and dNLR had similar predictive value, in all cancers as well as advanced colorectal cancer. Recently, Chua et al (2011) reported that the NLR, as a marker of the systemic inflammatory response, predicted clinically meaningful outcomes in patients with advanced colorectal cancer and receiving chemotherapy. Taken together, these results would indicate that the derived NLR is suitable for the examination of risk stratification of patients in chemotherapeutic trials, in particular, colorectal cancer studies.
In the present study, although the ROC analysis of the NLR and dNLR were similar, the prognostic value of different thresholds was examined. It was of interest that in contrast to the most commonly used NLR threshold of 5 : 1 (Walsh et al, 2005; Gomez et al, 2008; Halazun et al, 2008) , in the present study, 4 : 1 was found to have superior prognostic value in terms of hazard ratio and area under the ROC curve. These results are consistent with the varying NLR threshold reported across and within different tumour types. It is also of interest that the optimal threshold for the dNLR was 2 : 1, an expected shift from that of the NLR explained by the method of derivation. The results of the present study also suggest that the dNLR has considerable potential to be adopted universally as a stratification factor in all current cancer clinical trials. Moreover, if it were shown to have such clinical utility, the dNLR would identify patients who may respond to antiinflammatory interventions.
In the present study, it was of interest that there was a small but persistent superiority of the prognostic value of the NLR over the dNLR. The basis of this observation is not clear. However, in the dNLR, the use of (WBC À neutrophil) in the denominator is broadly mixing two cell types, lymphocytes and monocytes, with possible opposing effects in terms of predictive value. In the normal range, the relative proportion of lymphocytes to monocytes is approximately 6 : 1. In cancer patients, there may be a fall in the absolute proportion of lymphocytes and an increase in the absolute proportion of monocytes. Even so, their relative proportion is unlikely to fall below 3 : 1 even in advanced disease (Leitch et al, 2007) . Therefore, WBC À neutrophil is dominated by lymphocytes and is likely to be a reasonable approximation to the lymphocyte fraction, and the potential error introduced by the presence of monocytes in the fraction is therefore likely to be small. Given that different aspects of the differential white cell count have been reported to predict survival (Leitch et al, 2007; Proctor et al, 2011b; Lee et al, 2012) , it is possible to derive other ratios, such as the neutrophil : white cell count ratio. However, of the differential white cell count parameters, the neutrophil : lymphocyte ratio has been the most extensively validated, and it was this that we were attempting to recapitulate in the dNLR of the present study. Clearly, where the NLR is available, it should be used. However, there is a wealth of clinical trial data, where only white cell and neutrophil counts have been recorded in computer databases, which could be used to examine, in detail, the clinical value of the haematopoietic tissue-derived systemic inflammatory response. As the present study validates the use of the dNLR, this may help unlock the residual value of such clinical trial databases and encourage the widespread utilisation of a similarly based systemic inflammation-based scores in such settings.
The results of the present study also confirm the hypothesis that a total white cell count may be a useful addition to the currently established prognostic markers of the systemic inflammatory response, such as, C-reactive protein, albumin, neutrophil, and lymphocytes counts and their combinations (Proctor et al, 2011a) . It was also of interest that the hazard ratios and areas under the curves were greater from patients sampled after diagnosis compared with patients sampled before diagnosis. These results would suggest that the systemic inflammatory response is a more potent stimulator of cancer progression in established disease. This is consistent with the long-standing observations on the 'seed and soil' nature of cancer progression and metastasis (Fidler and Poste, 2008) .
The present cohort has a number of limitations. The patients were selected on the presence of haematological and biochemical variables, and were therefore not necessarily representative of all cancer patients in general. Patients may also have concurrent morbidity, including infection, causing alterations in their haematological variables. It is also recognised that demographic variables, such as race, that appear to influence neutrophil counts were not available. Nevertheless, the optimal prognostic threshold for the NLR in the range of 4-5 : 1 have been consistently validated in different cancer cohorts . It remains to be determined whether a dNLR of 2 : 1 will be similarly validated in different cancer cohorts.
In summary, the results of the present study show that a dNLR, on the basis of a white cell and neutrophil counts, has similar prognostic value to the NLR. Therefore, the universally available dNLR is to be commended for use in the risk stratification of patients undergoing chemotherapy.
